Introduction
In the UK, beers that are spoilt during manufacture, or in the course ofdistribution to the public, are the subject of repayment of excise duty. Samples of the spoilt beers returned from the distribution network to the brewery of origin are submitted to the Laboratory of the Government Chemist (LGC) for a determination of original gravity, in the course of this it is necessary to measure the acidity in order to apply a correction for any alcohol converted by microbiological oxidation to acetic
acid. An inexpensive flow-injection system has been designed at LGC for automating the colorimetric titration of spoilt beer samples.
Flow-injection analysis (FIA) has been defined as the automated or semi-automated analytical process whereby a sample solution is inserted into a continuously flowing unsegmented stream (carrier stream) with subsequent detection of the analyte. The carrier stream serves as a reactor for the injected samples. By varying the dimensions of the tubing which accommodates the carrier stream, and by appropriate selection of pumping speeds and sample volumes, a wide range of concentration gradients of the sample within the stream is obtainable. Without air segmentation, the variation of concentrations with increasing distance downstream from the point of injection can be highly reproducible. Unlike air-segmented continuous-flow systems of the 'AutoAnalyzer' type, where the air bubbles limit the dispersion of the sample zone, the unsegmented FIA system is capable of greater flexibility.
The method described here is an application of highdispersion flow-injection analysis [1] . FIA is now a wellestablished technique and it is not considered necessary to describe its development in detail. It is sufficient to refer to the excellent review of the early history of FIA by Stewart [2] . The principles and theoretical aspects of titrations by FIA have been described by Ramsing et [5] . The FIA method described in this paper relies on measuring the time span between points of inflection of the sigmoidal curves corresponding to the advanced and trailing gradients of the sample zone.
The method was designed to replace a manual acid/base titration which had been performed at LGC for the past 20 years. The volatile acidity of beer samples is found by the difference between total and 'residual' or non-volatile acidity, both are determined by titrating with 0"1 M sodium hydroxide using phenolphthalein as indicator [6] .
Problems arise with the manual titration due to the difficulty ofdetermining the end-point in samples varying widely in colour 176 > Crown Copyright 1982 because of differences in caramel content. This has been overcome in the automatic flow-injection method.
The 
Reagents
Analyses are normally performed by preparing 10 standards of hydrochloric acid with acidities ranging from to 3"2 pH units. The standards, carrier stream and titrant are all prepared from freshly distilled water. The titrant is 0.0005 M sodium hydroxide containing 0.02 g/1 of phenolphalein and stored in a polythene bottle fitted with a carbon dioxide trap containing 'Carbosorb'.
A similar carbon dioxide trap is used on the reservoir of the carrier stream. Figure 2 shows the pumping arrangement of the system, and figure 3 the microcomputer control. All tubing, apart fron the pump tubes, is 1.02mm internal diameter poly(tetrafluorethene). The sampling stream and carrier are both pumped at 5 ml/min whilst the sodium hydroxide stream is pumped at 3ml/min. Other standards were prepared in a similar manner but using varying proportions of sucrose and caramel to study the effects of viscosity and colour density. Several beer samples were selected and the percentage transmittance measured at 550nm.
A typical value was used to prepare standards ofconstant acidity but of varying sucrose concentrations. Similarly, solutions with constant sucrose concentrations and acidities but of different caramel concentrations were prepared.
Operation of point of inflection detector
At the point of inflection the first derivative of the signal is a maximum or a minimum and the second derivative is zero. Input B1 of the AND gate (figure 4) is the output of a comparator which compares the second derivative of the signal with zero. When the signal passes through a point of inflection, B1 will change from low to high or vice versa.
This alone is not sufficient to give an indication of a point of inflection, since when the gradient ofthe signal is zero the second derivative is also zero giving an undefined output from the comparator (see figure 5) .
To avoid this, the comparator is logically 'ANDed' with the output from a 'zero voltage' detector which gives a high output only when the first derivative is greater than _+ 1.8 V. Thus the output of the AND gate will only change when the second derivative passes through zero and the first derivative is above or below a certain level.
The output is connected to the user port of the PET where the width of the peaks are measured using software.
PE T software (figure 6)
The program has three functions: control of the sampler and valves; measurement of the width of the peaks; and a statistical analysis of these width measurements. (.:i $="0()C)04()" c:125="(-)0()25()" c:135="()()C)2.45" (tcalc--1" 17, t0.025,28--2"05). The result of the test is that there is no significant difference between the methods at 95confi-dence levels. The average difference between the manual results and the FIA results was -0.22ml.
Results from replicate analyses of 15 samples were used for a one-way analysis of variance (table 2) . This showed that the method has a repeatability standard deviation of 0"69.
The effect of acidity, colour and density on peak width
The variation ofpeak width with acidity for a set of 10 colourless standards is shown in figure 7 . Each series of analyses is performed by preceding the beer samples with 10 standards. The statistical evaluation oflinearity for the standards is summarized by the slope and intercept. The residual standard deviation, s, Betteridge [-7] Figure 11 shows a definite positive correlation between the degree of peak distortion and caramel content. Figure 10 . The effect on the peak shape of changing from a colourless standard to a coloured one.
Discussion and conclusions
The apparatus described in this paper has been successfully operated by staff not previously familiar with analytical automation or microcomputers, but who were practised at performing the manual acid/base titration. The choice of a colorimetric Percentage of dip in transmittance/time curves (A/gx 100) Figure 11 . Plot of degree of peak distortion versus caramel content.
detection system was made not only on the grounds that a pH sensing electrode would be harmed by long-term usage in beer samples, but also that the results obtained with the automatic method had to be directly relatable to the manual method. Aside from the forementioned problems associated with density and colour variations of samples, the apparatus is a prototype and has some shortcomings. The combination of hardware depicted in figure 3 is cumbersome and has the disadvantage of requiring an air supply to operate the injection system. The cumbersome nature of the apparatus is not improved by the multi-module interfacing associated with the microcomputer.
The cost saving achieved by employing a peristaltic pump primarily designed for two channels and used to drive four channels is satisfactory. Care needs to be observed, however, when commencing pumping with dry pump tubes. Other difficulties exist in the preparation and storage ofacid standards covering a suitable range. Although figure 3 has included two chart recorders, these have been dispensed with in the routine analytical method.
